IMPORTANCE Laparoscopic repair of paraesophageal hernia (PEH) has been shown to result in excellent relief of symptoms and improved quality of life (QOL) despite a relatively high radiographically identified recurrence rate. OBJECTIVE To assess potential risk factors for recurrence and long-term change in QOL after laparoscopic repair of PEH.
P araesophageal hernias (PEHs) account for 5% to 10% of all hiatal hernias and have become increasingly common with the aging of the population. Approximately 90% of PEHs are type III hernias, in which the stomach is herniated alongside the esophagus and the gastroesophageal junction is displaced above the diaphragm. Although the precise sequence of events leading to PEH development is not completely understood, the process likely involves progressive weakening and stretching of the phrenoesophageal membrane associated with enlargement of the diaphragmatic hiatus. Repair of a PEH can be technically challenging, and operative intervention is usually reserved for patients with symptomatic PEH, 1 particularly those with serious or lifethreatening complications. 2, 3 Although multiple studies have demonstrated that PEHs can be repaired safely and with minimal perioperative risk, 4,5 most of these reports are limited to short-term follow-up. Most noteworthy is the paucity of data regarding long-term functional and quality-of-life (QOL) outcomes-the most clinically relevant yardsticks by which the success of PEH repair should be judged.
Although PEH is most commonly repaired via a laparoscopic approach, no consensus has been achieved regarding the specific technique, and reviews of laparoscopic series have reported disappointingly high recurrence rates of greater than 50%. 6, 7 The pathogenesis of PEH recurrence after repair is thought to be caused by the repetitive movement of the diaphragm and esophagus and crural tension created by primary closure; however, no studies have been able to identify specific risk factors for recurrence, nor has any intraoperative technique been identified that might reduce recurrence rates. Patient characteristics, such as body mass index (BMI) (calculated as weight in kilograms divided by height in meters squared) and presence of pulmonary disease, 8, 9 as well as technical factors, such as esophageal lengthening, gastropexy, and mesh reinforcement, 10, 11 have not been shown to be associated with decreased recurrence rates. A common thread among published studies, however, has been identification of PEH recurrence as an asymptomatic radiographic finding that bears no correlation with the symptomatic improvement conferred by PEH repair. 12 Moreover, this clinical efficacy appears to endure even in the face of radiographic hernia recurrence.
In this study, we analyzed data from an ongoing prospective study of patients undergoing laparoscopic repair of PEH at our institution. We aimed to identify potential risk factors for PEH recurrence and to evaluate long-term (>3.5 years) symptomatic response and postoperative change in QOL. Our study provides further clinical support to the limited data in the literature suggesting that, although recurrence rates may be high, most patients maintain an excellent and durable QOL after laparoscopic repair of PEH.
Methods

Data Source and Study Population
Data for analysis were derived from an ongoing prospective study. From April 3, 2009, through July 31, 2014, we enrolled 111 adults who underwent elective laparoscopic repair of PEH with biological mesh (Veritas collagen matrix; Synovis) buttressed over a primary cruroplasty. The study population included 70 patients who reached the 1-year milestone for the barium-contrast radiographic interval examination of the upper gastrointestinal tract (UGI examination). All patients underwent Nissen fundoplication with or without anterior gastropexy. The PEH cohort has been described in detail previously. 12 All data were prospectively collected on a standardized collection form and maintained in an electronic database. Patient demographics, surgical history, baseline comorbidities and symptoms (BMI, smoking status, diabetes mellitus, pulmonary disease, preoperative dysphasia, heartburn, and pain), operative details, postoperative course of care (reoperation and length of hospital stay), and postoperative clinic visits, including radiographic studies, were collected. This study was approved by the Johns Hopkins Medicine Institutional Review Board. All patients provided written informed consent.
Symptom Assessment and Radiographic Methods
A modified version of a validated gastroesophageal reflux disease-specific QOL tool was administered in person or by telephone before and at 2, 12, and approximately 36 months after the procedure. 13 All questions were rated on a scale of 0 to 5, with higher scores representing greater severity of symptoms.
Preoperative radiographic hernia characteristics were identified as potential risk factors for recurrence. Vertical/ horizontal hernia size was the extent of gastric mucosa above the level of the hiatus, measured at its greatest length in both dimensions. Anatomy referred to the percentage of stomach extending above the diaphragm. This measurement was further delineated as type I (involving the gastric cardia and fundus) or type II (involving the body or any portion of the stomach distal to the body). We defined rotation as the degree of twisting of the herniated stomach, including none, partial (≤180°), or complete organoaxial malrotation. We defined motility as the finding of esophageal dysmotility during a live fluoroscopic study. Shortening of the esophagus denoted the absence of laxity of the esophagus despite location of the gastroesophageal junction above the diaphragm.
We performed the UGI examination at 1 year after the surgery and defined hernia recurrence as greater than a 2-cm vertical extension of gastric mucosa measured from the level of the diaphragm. This definition was derived from a previous analysis of this population. 12 A single radiologist blinded to patient information (R.M.F.) read all studies.
Statistical Analysis
We compared baseline comorbidities and preoperative radiographic findings between the patients with recurrent and nonrecurrent hernia. Categorical variables were expressed as frequencies and percentages and were compared using the Pearson χ 2 test or the Fisher exact test when appropriate. Continuous variables were expressed as mean (SD) and were compared using the Wilcoxon rank sum test. Overall and individual symptom scores from the QOL tool were compared at baseline and 2, 12, and 36 months postoperatively using the
Results
Baseline Demographic and Clinical Characteristics
A total of 111 patients have been enrolled in this ongoing study according to established inclusion criteria. Of these patients, 22 were unavailable for follow-up, including 16 patients who voluntarily withdrew from the study or were lost to follow-up and 6 patients who died of unrelated causes. None of the patients died during the hospitalization for the procedure. The median patient age was 61 (range, 24-89) years, and most of the population consisted of white women. Overall, patients experienced significant symptom improvement at postoperative months 2 (mean QOL score, 10.18 [7.39]), 12 (mean QOL score, 9.74 [8.69]), and 36 (mean QOL score, 10.58 [9.14] ) compared with baseline (mean QOL score, 28.50 [11.13]) (P < .001) ( Table 1 ). Four patients (3.6%) required reoperation, of which only 1 was for symptomatic recurrent PEH manifested by obstructive symptoms at postoperative month 9. One patient underwent reoperation on postoperative day 2 for intrathoracic wrap migration. Two additional patients underwent reoperation (at approximately 13 postoperative months) for chest pain and dysphagia with presumed stricture but without recurrent PEH being identified.
Of the 70 patients who completed their 1-year UGI examination, 19 (27%) were noted to have a radiographic hernia recurrence. We found no statistically significant difference between the nonrecurrent and recurrent groups with regard to age, sex, race, QOL scores, follow-up time, length of hospital stay, and reoperation. However, recurrent hernia size was significantly different between the 2 groups (0.37 vs 3.67 cm; P < .001), as expected ( Table 2 ).
Postoperative Symptom Assessment
The mean follow-up time for the 36-month QOL was 43.5 months. Acid reflux, early satiety, bloating/gas, shortness of breath, and postprandial chest pain were the most bothersome preoperative symptoms. At postoperative month 12, significant improvement was reported in all symptoms and in overall satisfaction ( Table 3) . At postoperative month 36, patients continued to experience significant overall satisfaction; however, early satiety, nausea, pain with swallowing, and bloating/ gas became comparable to those symptoms at baseline.
Assessment of Risk Factors for Recurrence
We found no significant difference between the recurrent and nonrecurrent groups with respect to clinical factors or preoperative radiographic findings. However, more patients had a preoperative type II anatomy in the recurrent group compared with the nonrecurrent group (81.3% vs 53.7%; P = .06) ( Table 4) . Moreover, univariate logistic regression revealed a trend toward increased odds of recurrence in patients with a preoperative anatomy type II (odds ratio, 3.74 [95% CI, 0.93-15.14]; P = .06), preoperative heartburn (odds ratio, 3.17 [95% CI, 0.81-12.31]; P = .10), and possibly preoperative vertical hernia size of 5.5 cm or greater (odds ratio, 2.32 [95% CI, 0.72-7.41]; P = .16) ( Table 5) . None of the remaining independent risk factors predicted development of recurrent hernia.
Discussion
In this study of prospectively collected data for 111 patients who underwent laparoscopic PEH repair during a 5-year period at our institution, careful analysis of multiple patient characteristics failed to identify any specific risk factors associated with PEH recurrence. Further investigation into variations of surgical technique and specific preoperative anatomic differences only demonstrated a trend toward significance for recurrence in patients with preoperative hernias that included most of the stomach. Long-term follow-up for this group demonstrated that, despite a 27% recurrence rate, overall QOL and patient satisfaction remained significantly improved compared with baseline.
The high recurrence rate after surgical repair of PEH remains an important challenge. Several factors have been thought to contribute to a reduced recurrence rate after laparoscopic repair of PEH, including complete excision of the hernia sac with extensive mobilization of the esophagus, performance of a cruroplasty, use of mesh, performance of a fundoplication, and gastropexy. 14, 15 One of the key steps in a PEH repair is the closure of the hiatus or cruroplasty. Today, the most common primary repair includes a posterior approach of con- Abbreviations: LOS, length of stay; PEH, paraesophageal hernia; QOL, quality of life. a All questions on a validated gastroesophageal reflux disease-specific QOL tool were rated on a scale of 0 to 5, with higher scores representing greater severity of symptoms.
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Laparoscopic Paraesophageal Hernia Repair, QOL, and Risk of Recurrence tinuous or interrupted sutures of the crura (over a bougie) with or without mesh placement, followed by fundoplication. The cephalad force created with increased positive intraabdominal pressure and negative intrathoracic pressure forces the stomach to migrate back into the chest, which can lead to recurrence. This result has been postulated to be prevented by anchoring the stomach to the anterior abdominal wall by way of gastropexy or gastrostomy. Poncet et al 10 reported a 50% recurrence rate without gastropexy vs 10.8% with gastropexy (P = .003). Similar findings were demonstrated by Ponsky et al. 16 All of our patients underwent complete esophageal mobilization and sac excision, but our study did not demonstrate any significant difference in recurrence rates between patients who did or did not undergo gastropexy (P = .21). All patients in our study underwent cruroplasty, fundoplication, and a posterior onlay of a biological mesh. Koch et al 17 evaluated 54 patients who underwent PEH repair with fundoplication, cruroplasty, and posterior onlay of a polyester mesh (Parietex; Covidien) if a hiatus with a surface area of 5.60 cm 2 or greater was present. The authors reported no significant complications with the use of mesh and concluded that recurrence was more likely with increased hiatal surface area. Although mesh use is now widely accepted, especially in the face of a large hiatus, substantial controversy remains surrounding the choice of mesh (prosthetic vs biological). This controversy mainly stems from lack of evidence from welldesigned studies using long-term functional outcomes. Many studies have evaluated short-term outcomes from small series of patients using various mesh materials of different shapes, sizes, and techniques. Two earlier randomized clinical trials 18,19 compared prosthetic mesh placement with primary suture repair and demonstrated a significantly reduced recurrence rate in the mesh group. Unfortunately, use of prosthetic materials has been complicated by erosion, migration, and fistualization of the mesh into neighboring viscera or vessels and by dysphagia and esophageal dilation. 20-22 These complications have led surgeons to consider the use of biological mesh. Although biological mesh can be more costly compared with prosthetic materials or with not using any mesh, many biological options are currently available that are reasonably priced. Our choice of mesh for this study was based on ease of use and availability in our institution and a cost of approximately $1100 (a small fraction of the total hospital costs). A randomized trial by Oelschlager et al 23 compared primary repair with the use of a biological porcine submucosa mesh. Recurrence rates at 6 months were lower in the mesh group; however, in follow-up at 5 years, the recurrence rates did not differ between the biological mesh and primary repair groups. 11 Similarly, Dallemagne et al 24 reported a 66% recurrence rate at a median follow-up of 99 months, although their retrospective study had a fairly high loss to follow-up.
To date, our cohort has experienced a recurrence rate of 27% at approximately 1 year of follow-up, well within the reported ranges of previously published studies. In their original landmark report in 1967, Skinner and Belsey 25 suggested that most recurrences occur within 1 year. However, decades later, Luketich et al 26 reported a 15.7% recurrence rate at a median of 22 months. More recently, Jones et al 27 reported increased recurrence rates over time (40% by 5 years), which is similar to findings by Oelschlager et al 9 and Dallemagne et al. 24 Based on these studies, a propensity for recurrence over time is suggested, which ultimately may be demonstrated in our cohort as we continue to accrue and analyze our data.
Preexisting medical conditions have been implicated as risk factors for postoperative recurrence of PEH. Other investigators have suggested that obesity, smoking, and diabetes mellitus may play a role. The clinical factors that we investigated, including BMI, smoking, diabetes mellitus, pulmonary disease, previous abdominal surgery, preoperative dysphagia, heartburn, and pain, were not significantly associated with radiographically recurrent hernias. Nason et al 8 examined many of these same patient factors and found only a trend toward an increased risk for radio-graphic recurrence in patients with documented pulmonary disease but not based on BMI or preoperative hernia size. We may conclude intuitively that the bigger the hernia, the more likely it will be to recur. Among patients in our series who had most of the stomach herniated into the mediastinum preoperatively, a disproportionate number developed recurrence, although this finding was not statistically significant (P = .06). Anecdotally, many surgeons are reluctant to offer hiatal hernia surgery to obese patients because of concerns regarding recurrence; however, surprisingly few studies support this concern. Obesity is a known risk factor for the development of hiatal hernia; on this basis, expecting an increased risk for PEH recurrence after repair in obese patients seems reasonable. Morgenthal et al 28 demonstrated that patients with morbid obesity (BMI >35) were more likely to experience treatment failure after laparoscopic Nissen fundoplication, although their series did not include patients with PEH. Other authors 29,30 have shown differing results, and more surgeons currently are offering morbidly obese patients concurrent bariatric surgery (sleeve gastrectomy or Roux-en-Y gastric bypass) at the time of PEH repair. The proponents of this approach 31 imply that the weight reduction that accompanies bariatric surgery will lower the recurrence rate of PEH in these patients in addition to providing the benefit that inheres as a result of the well-documented improvement of obesity-related comorbidities.
Although we found attrition of the initial improvement reported by some patients with regard to several individual symptoms (early satiety, nausea, and pain with swallowing), our patients sustained significant long-term improvement in their overall gastroesophageal reflux disease-specific QOL scores and condition satisfaction. A paucity of published studies address long-term outcomes after PEH. Soricelli et al 32 demonstrated that QOL evaluation after laparoscopic repair of hiatal hernia remained stable at a mean follow-up of 95.1 months. Although this study did not consist solely of patients with PEH, other authors have shown similar results. Mittal et al 33 and Oelschlager et al 9 demonstrated high levels of patient satisfaction and longterm maintenance of improvement in gastroesophageal reflux disease symptoms at 5 years after laparoscopic repair of PEH. Targarona et al 34 recently reported clinical efficacy after laparoscopic PEH repair at very long-term follow-up (≤160 months) despite almost 50% of patients having small anatomic recurrences. As in our study, these groups reported sustained symp-tom relief in most of the patients despite frequent radiographic recurrences, and the need for reoperation was very low.
This study has several limitations. Because our study is ongoing, we have yet to acquire a large cohort of patients with longer-term (ie, 3-year) follow-up. However, in view of the consistency of the analysis so far, we anticipate that these findings will be maintained as we continue to accrue more data. This study is prospective, and we have a dedicated team administering the QOL tool and scheduling clinical follow-up. Nevertheless, patients were lost to follow-up owing to unrelated deaths and other factors (eg, patient relocation). Because our institution is a tertiary referral center, a substantial proportion of our patients are referred to us from distant sources, frequently precluding us from consistently performing UGI examinations at the 3-year period. Conversely, these patients were able to respond to the QOL studies by telephone even when unable to travel to undergo the UGI examination. Finally, this study did not randomize patients into different treatment arms using various repair techniques, and other issues surrounding recurrent PEHs were not addressed, including type of recurrence or anatomic pattern and time to recurrence.
Conclusions
Our analysis of difference in QOL scores after laparoscopic repair of PEH with biological mesh suggests that, despite a high recurrence rate identified with the UGI examinations, overall, patients experience excellent long-term symptom resolution. We were unable to identify significant factors that increase the risk for recurrence, although the largest preoperative hernias (containing most of the stomach) were more likely to recur after repair. We believe that the cause may be multifactorial and individualized to each patient. As technical advancements and surgical equipment continue to develop, possible therapies may emerge that would help to alleviate the consistently high recurrence rates associated with PEH repair in the long term. Further evaluation of novel techniques and unidentified patient factors is needed.
